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INTRODUCTION
T he influence of micro-incision phacoemulsification on biomechanical parameters of the cornea has been discussed in several studies, emphasising the role of viscous dampening [corneal hysteresis (CH) parameter], viscoelasticity and stiffness [corneal resistance factor (CRF)] [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . It has been proved that corneal biomechanics plays an important role in healing process of the cornea and allows accurate measurement of intraocular pressure (IOP) [11] [12] [13] [14] [15] . What's more, according to the 10 th Consensus Meeting: Diagnosis of Primary Open Angle Glaucoma Seattle, USA, Goldman applanation tonometry (GAT) is no longer recommended as "the gold standard" in routine IOP measurement [13, [15] [16] [17] . Currently it is believed that corneal biomechanical properties have greater impact on IOP measurements than corneal thickness or curvature [11, 13, 15] . In clinical practice, there are two devices measuring corneal biomechanical properties (CH, CRF) and corneal corrected IOP e.g. the Ocular Response Analyzer (ORA; Reichert Technologies, USA) as a dynamic bidirectional applanation device, and the Corvis ST (Oculus Optikgeräte Germany), as a dynamic Scheimpflug analyser device [9] [10] . In our study biomechanical properties of the cornea (CH and CRF) and IOP [Goldmann correlated IOP (IOPg), corneal compensated IOP (IOPcc)] and waveform score (WS) were measured with ORA. Recently studies showed that CH remains relatively stable after micro-incision cataract surgery; however, there are various factors (e.g. refractive error, history of refractive surgery, corneal ectatic disorders) that may influence CH, CRF and thus precise estimation of IOP [1] [2] [3] [4] [5] [6] [7] . It has been shown that CH is decreased in high myopia and increased in high hyperopia while CRF is not affected by spherical refractive error [18] . The specification of corneal biomechanics in eyes with definite corneal astigmatism, prior and following cataract surgery remains unclear. To our knowledge, this problem has not been sufficiently described so far [19] [20] [21] . Aim of this study was to define the CH, CRF, IOPg and IOPcc prior to and following coaxial micro-incision phacoemulsification in patients with corneal astigmatism.
SUBJECTS AND METHODS Ethical Approval
The prospective clinical study was performed in the Department of Ophthalmology of our hospital. The official approval by the Ethics Committee conformed to the Declaration of Helsinki was obtained. All subjects enrolled in the study signed an informed consent. Inclusion criteria were: diagnosis and qualification for cataract surgery, corneal astigmatism equal to or less than +2.25 D in order to make the research group coherent. Only patients with "against the rule" astigmatism were enrolled in the study, as it is well known that corneal astigmatism tends to change towards "against the rule" in adults, regardless if the patient had cataract surgery or not [18] [19] [20] . The exclusion criteria were: corneal astigmatism higher than +2.25 D, history of any corneal ectatic conditions, dystrophies or degenerations of the cornea, pseudoexfoliation syndrome, glaucoma and use of anti-glaucoma eye drops for more than one year, blepharitis, dry eye, use of contact lenses within three months before surgery, diabetes or a history of corneal refractive surgery. All of the measurements were done by same physician, blinded to the astigmatism of the patients. WS was the parameter defining quality of each measurement taken. Only the measurements of relatively good quality (WS>5/10) have been subjected to the statistics. Biometry, including axial length (AXL), keratometry and intraocular lens (IOL) calculation were performed in the eye requiring cataract surgery with use of a Tomey Optical Biometer OA 2000 to measure. The patients enrolled were divided into two groups, based on their astigmatism range. Group 1 consisted of patients with corneal astigmatism lower than +1.0 D (K1-K2<+1.0 D), and group 2 of corneal astigmatism equal or higher than +1.0 D and equal or lower than +2.25 D (+1.0≤K2-K1≤+2. 25) . IOP values and corneal biomechanical parameters were analysed between the two study groups preoperatively, one week and one month postoperatively. Additionally, the differences in IOP values and corneal biomechanics were analysed separately in groups 1 and 2 preoperatively, one week and one month postoperatively. Table 1 . Statistical analysis of independent samples revealed no significant differences between study groups, neither preoperatively nor at any point of the postoperative examinations (P>0.05; (Table 6) . DISCUSSION Cataract surgery may be the cause of early postoperative complications affecting the ocular surface as: corneal oedema, loss of corneal endothelial cells and following corneal decompensation, erosion, irritation of conjunctiva and symptoms of dry eye syndrome [22] . These factors may, in turn, affect the parameters of corneal biomechanics, causing significant decrease in CH (group 1, t=2.64, P<0.05; group 2,  t=5.72, P<0.05) and CRF (group 1, t=2.68, P<0.05) within the first postoperative week, as presented in our results (Tables  3 and 4) . Moreover, in our study CRF remained lowered throughout the first postoperative month in patients with corneal astigmatism of +1.0≤K2-K1≤+2.25 D (group 2). This outcome disagree with the findings of Kamiya et al [4] , where CH and CRF were decreased only on the first postoperative day then recovered to preoperative values within one week after cataract surgery. Due to the early postsurgical complications and healing process of the cornea, the quality of measurement may be significantly decreased. Also in our study there was the significant decrease in WS (group 1, t=3.51, P<0.05; group 2, t=3.96, P<0.05) within the first postsurgical week. WS returned to the preoperative level after the period of 1mo postoperatively in group 1 (t=-0.38, P>0.05) and in group 2 (t=0.77, P>0.05; Tables 3 and 4) . There was no statistically significant difference in AXL between group 2 and group 1 ( (Table 3) . Similarly, in group 2 (+1.0≤K2-K1≤+2.25), there was no significant change in IOPcc following cataract surgery (Table 4) . It is well known that IOPcc is less affected by central corneal thickness and corneal properties of the cornea (CH, CRF), thus it remains unchanged following surgical procedures on the anterior segment of the eye [23] [24] [25] . In turn, IOPg was significantly lower in group 2, when measured one month after phacoemulsification. Conclusively, instability of CH, CRF and IOPg in eyes with corneal astigmatism at the level of +1.0≤K2-K1≤+2.25 (group 2) may lead to underestimation of the real IOP postoperatively. Heinrich et al [7] , compared GAT and dynamic contour tonometry (DCT) before and after cataract surgery. The authors reported that GAT IOP in pseudophakic eyes was improperly low when compared with DCT outcomes, and thus should be precisely monitored for development of glaucoma [7] . In our study, IOPg corresponds to GAT IOP, and IOPcc to DCT IOP. Our results agree with the results of Heinrich et al [7] , showing that the objective cause of lower postoperative GAT IOP (IOPg) or dynamic contour tonometry (DCT) IOP (IOPcc) should be explored. Based on our results, it is clearly observed that preoperative corneal astigmatism in the range of +1.0 D to +2.25 D may be the reason for lowered The calculated difference represented in units of standard error; P:
Error of probability (statistically significant when P<0.05). IOP measured one month postoperatively. It is therefore necessary, to precisely monitor IOP in these patients and remain suspicious, especially when diagnosing low-tension or normal-tension glaucoma.
In conclusion, in short-term follow up of one month postoperatively, we observed significantly reduced CRF, CH and IOPg, in patients with preoperative corneal astigmatism equal or higher than +1.0 D and lower than +2.25 D. Hence, bias of IOPg measurement in patients with preoperative corneal astigmatism equal or higher than +1.0 D and lower than +2.25 D may cause underestimation of the real IOP both before and after cataract surgery. The measurement of IOPcc allows the precise assessment of IOP pre-and postoperatively, independently on corneal astigmatism, CH and CRF values.
